Introduction The minimum detectable change (MDC) of the SRS-22 subtotal score is 6.8 points. With the use of this value, patients who have undergone surgery for idiopathic scoliosis can be dichotomized into two groups: the successful (S) group (those who have reached or exceeded this limit) and the unsuccessful (Un-S) group (those in whom the change was smaller). The aim of this study was to analyze the clinical and radiological differences between these patient groups, as well as those related to the surgical technique.
Introduction
The outcome of surgical treatment for idiopathic scoliosis is usually evaluated by process measures, such as the change in the radiologic magnitude of the curve. Nonetheless, it is currently accepted that the evaluation should also include patient-oriented measures, which can be obtained with the use of patient-reported outcome instruments (PRO). There is evidence that PROs enable the clinician to better judge the patient's problems with the aim of providing the most suitable management for the patient's condition [1] .
The SRS-22 questionnaire is the PRO instrument most widely used for assessing the clinical status of patients with idiopathic scoliosis [2] . The questionnaire is divided into four domains (pain, function, perceived body image, and mental health), and includes two questions about the patient's satisfaction with the treatment received. Each domain has a sum score ranging from 5 to 25, except for satisfaction, which ranges from 2 to 10. The sum of the first four domains gives a maximum subtotal of 100. It has been determined that the minimum detectable change (MDC) for the SRS-22 subtotal score is 6.8 points [3] . The MDC [4] is the minimal score change above which (with 95% certainty) it is guaranteed that the difference is not due to measurement error. The MDC is calculated from the standard error of measurement (SEM), which is the measurement error inherent to the instrument. For the SRS-22, the MDC was calculated as follows: 1.96 9 H2 9 SEM [3] .
Once the MDC of the SRS-22 subtotal score has been established, we can categorize patients who received surgical treatment for idiopathic scoliosis according to whether they have exceeded this value, which would place them in the group we have labeled successful (S) or whether they have not, which would place them in the group labeled unsuccessful (Un-S). We emphasize that this methodology does not intend to judge the success or not of surgery. Allocation to a group indicates a response to surgery according to the SRS-22 subtotal score change.
In this study, we analyze a series of patients who underwent surgery for idiopathic scoliosis and determine the percentage who exceed the MDC of the SRS-22 subtotal score in the follow-up evaluation. The differences between the two groups formed are then examined in terms of their clinical status, radiologic measures (magnitude of the curve preoperatively and at final follow-up, and percentage of correction), and characteristics of the surgery (number of fused vertebrae, level of end vertebrae). Lastly, the preoperative and perioperative variables that could be predictive of the patients' outcome group are determined.
Methods

Study population
Patients from the two participating hospitals were prospectively included in the study. The eligibility criteria were a diagnosis of idiopathic scoliosis scheduled for surgical correction, age between 10 and 40 years, adequate radiologic study, and completion of the SRS-22 questionnaire. Between July 2001 and July 2006, 97 patients were included, and after a minimum of 2 years following surgery, they were contacted to attend a clinical and radiologic follow-up visit.
Data collection
The patients' clinical status was assessed with the SRS-22 questionnaire. As was described above, this instrument contains 22 questions covering five domains: function/ activity, pain, self-perceived body image, mental health, and satisfaction with treatment. The sum of the first four domains gives a maximum subtotal score of 100. The questionnaire used in the study is the revised version, which includes the modification of question 18 [5] .
The radiologic data collected were the magnitude of the curve (Cobb angle) in the PA view, and thoracic kyphosis (T4-T12) and lumbar lordosis (L1-S1) in the sagittal view. The surgical data included the proximal and distal levels of the instrumentation, the number of vertebrae within the fusion, and whether thoracoplasty had been performed as an adjuvant to vertebral fusion.
The data were analyzed with SPSS 11.0. Descriptive data (mean and SD) were calculated for each variable.
Comparison of the means between groups was carried out with the Student's t test for variables with a normal distribution, and the non-parametric Mann-Whitney test for variables with a non-normal distribution. The Chi square test was used to compare percentages. In addition, ROC curves were analyzed to determine what cut-off value of the SRS-22 domain scores best predicted a patient's outcome group. Significance was set at a p value of 0.05.
Results
Characteristics of the patients
Of the 97 patients included in the study, four were lost to follow-up and two refused to attend the study follow-up visit. Thus, the analysis is based on the results from 91 patients (93.8% response rate), 77 females and 14 males, with a mean age at the time of surgery was 18.1 years (range 10-38 years). The mean follow-up time was 45.6 months (range 24-87 months). All patients had idiopathic scoliosis and received surgical treatment. The type of surgery was posterior spinal fusion and instrumentation en 74 cases, anterior spinal fusion and instrumentation in eight cases, and anterior and posterior fusion in nine cases. Thoracoplasty was carried out in 40 patients. The mean upper instrumented vertebra was T4.8 (range T1-T12) and the mean lower instrumented vertebra was L1.9 (range T11-L5). A mean of 10.1 (range 4-16) vertebrae were fused.
Curve patterns were determined according to the Lenke classification [6] 
Outcome measures
The scores on the SRS-22 domains before surgery (T0) and at the follow-up study are shown in Table 1 . A statistically significant improvement was found for the subtotal score and for the pain, image and mental health domains, but not for the function domain. Data on satisfaction, which were only collected at the follow-up visit, showed elevated satisfaction with surgery (mean 4.5).
Analysis of the groups
Based on an MDC cut-off of 6.8 for the subtotal score change, 44 patients (48.4%) did not exceed this value and were classified in the Un-S group and 47 patients equaled or exceeded this value and were classified in the S group.
Radiographic data
The radiologic values related to the upper thoracic, main thoracic, thoracolumbar and CMAX curves at preop and at follow-up, as well as thoracic kyphosis and lumbar lordosis are shown in Table 2 . There were no significant differences between the groups for any of these variables. Of particular note is the fact that there was no difference regarding the percentage of correction of the different curves between the groups.
General and operative data
The patient age and sex, number of fused vertebrae, percentage of patients who underwent thoracoplasty, and the upper and lower instrumented levels are shown in Table 3 . There were no significant differences between the groups.
Clinical data
Mean scores for the SRS-22 domains and the subtotal and total scores for each group are shown in Table 4 .
The clinical status of patients in group S was significantly poorer than that of group Un-S before surgery, and they achieved a greater improvement in all the domains and in the subtotal. The total score (postoperative subtotal ? satisfaction; range 22-110) was also significantly higher in group S. Satisfaction, however, was similar in the two groups.
To analyze the possible ceiling effect of the questionnaire, we calculated the benefit obtained by surgery (postoperative subtotal minus preoperative subtotal) in relation to the possible benefit (100 minus preoperative subtotal). As is shown in Table 4 , the possible benefit and obtained benefit were clearly higher in group S. It would be expected that the percentage of possible benefit attained would be similar in the groups, but instead, there was a gain of 54% in group S and a loss of 20% in group Un-S. For each of the SRS-22 domains and the subtotal score, we determined the value that best predicted a patient's belonging to the successful or unsuccessful groups. The optimal cut-off value, area under the curve (AUC), sensitivity, and specificity, and the significance of testing when the ROC curve found differed from a hypothetical value of 0.5 are shown in Table 5 . Focussing on the subtotal score, we see that a score of 74 enables a quite accurate prediction of which outcome group a patient will be classified in. On a 2 9 2 contingency table, 80% of patients in group S had a subtotal score B74, whereas only 24% of patients in group Un-S had this score (v 2 28.6, p = 0.0001).
Discussion
In a sample of surgically treated patients with idiopathic scoliosis, we found that only 51.6% of cases equaled or exceeded the calculated minimum detectable change on the SRS-22 questionnaire. Furthermore, according to the 95% confidence interval, this percentage would not exceed 62% even in the most favorable scenario. These data suggest that the effect of surgery on the clinical status of these patients as evaluated with the SRS-22 is smaller than would be expected. For the overall series, the score change was clinically notable in the body image scale and subtotal score, fair in the pain scale, and clinically insignificant in mental health and function. Similar results were reported by Carreon et al. [7] in adolescents with idiopathic scoliosis and by Bridwell et al. [8] in adults with this condition. In both the series, the patients' health-related quality of life (HRQL) was evaluated with the SRS-22 questionnaire. Howard et al. [9] also described a moderate change in the patients' postoperative clinical status using a different PRO, the Quality of Life Profile for Spine Deformities. This instrument includes four scales, labeled psychosocial functioning, sleep disturbances, back pain, body image, and trunk flexibility [10] .
A primary aim of our research was to determine what variables have an influence on a patient's assignment to one or the other outcome. There was no influence of age, The cut-off value, area under the curve (AUC), and sensitivity and specificity to predict a patient's outcome group are shown for each of the SRS-22 domain scores and for the subtotal score sex or follow-up time. Nor were there differences related to the surgical technique (number of fused vertebrae, upper or lower level of the instrumentation, or the use of adjuvant thoracoplasty). Of note, the radiologic magnitude of the curves was of no value in predicting the outcome group. In the frontal plane, neither the preoperative nor follow-up curve magnitude, nor the percentage of correction showed significant differences between the two outcome groups for the various curves studied (upper thoracic, main thoracic, or thoracolumbar curve). Furthermore, there were no significant differences between the groups for thoracic kyphosis or lumbar lordosis in either the preoperative or follow-up measures. A significant correlation between the radiologic magnitude of scoliosis and the SRS-22 scores is usually reported [2, 11, 12] , although the correlation coefficients range from low to moderate. In the follow-up of surgically treated patients, a moderate correlation has been described between the radiologic improvement and SRS-22 scores [12, 13] . However, there is no study analyzing the relationship between radiologic improvement and the change in SRS-22 scores. We found no differences between the S and Un-S groups in the percentage of correction of any of the three curves, or of the curve with the largest magnitude (CMAX). These findings indicate that the percentage of curve correction does not have a determinant effect on the patient's perception of a clinically significant change.
As compared to the Un-S group, the S group had a greater degree of pain and a poorer body image before surgery. Both these domains had improved at follow-up and showed a postoperative change that exceeded the MDC. Function was poorer than in the Un-S group before surgery, similar at follow-up, and the postoperative change was larger, but it did not exceed the MDC. In the mental health domain, the score was lower than in Un-S patients before surgery, no different at follow-up, and the change was larger and exceeded the MDC. In the subtotal score, the S group again showed a lower mean score than the Un-S group before surgery, a higher score at follow-up, and a greater change that exceeded the MDC. In the Un-S group, as was mentioned, there was a deterioration of the pain, function, mental health, and subtotal score, although he differences observed did not exceed the MDC. The only improvement, which occurred in the body image score, did not surpass the MDC. Interestingly, the mean satisfaction scores were not statistically different between the two groups (Table 4) .
Simplifying our results to the extreme, we can say that patients with the lowest scores preoperatively are those that attain the highest scores after surgery. This tendency could be attributed to a defect of the measurement instrument. Indeed, the SRS-22 has shown an elevated ceiling effect (usually over 20%) in several studies [2, 12, 14] , and this characteristic could limit the instrument's sensitivity to change. Thus, it can be argued that patients with high preoperative scores would show only a small postoperative improvement, or no improvement because the instrument would not be able to register the change. Nevertheless, our analysis showed that the possible benefit and obtained benefit with surgery were clearly higher in group S. In the S patients, there was an improvement of 55% of the maximum possible benefit, whereas in the Un-S group there was a loss of 20% of the possible benefit. According to these data, it is unlikely that the difference between the two groups is attributable to the ceiling effect of the instrument.
In a sample of healthy adolescents with a mean age similar to those in our study (16 vs . 18 years) , Verma et al. [15] reported mean SRS-22 scores of 4.0 in function, 4.3 in pain, 4.2 in image, 3.8 in mental health, and 82 for the subtotal. A comparison between these values and the means obtained in our Un-S group shows that with the exception of the image scale, the preoperative scores of these patients were higher or equal to those reported in healthy individuals. In contrast, all the preoperative S group scores were below the means in healthy adolescents. These data suggest that the health status of an elevated percentage of adolescents who undergo surgery for idiopathic scoliosis is difficult to improve and similar to that of healthy adolescents, except regarding the issue of body image. Our data show that the main difference between the S and Un-S groups resides in the preoperative scores. Using ROC curve analysis, we found that a preoperative subtotal score of 74 predicted a response to surgery with a sensitivity of 79% and a specificity of 76%.
Our series is somewhat heterogeneous with respect to age. Although all the patients had scoliosis, an analysis of the clinical outcome of patients aged 10-38 years could be debatable. Nonetheless, the mean of the sample (18.1 years) is close to the median (16 years). By the way of orientation, we mention that only 13 patients were older than 25. It is a known fact that age has a negative impact on quality of life. According to our results, however, age did not seem to have an influence on the magnitude of the clinical change that occurred following surgery.
One potential criticism of this research might be that the way of presenting the results as success or failure according to the minimal important difference cutoff (in this case the MDC) is a rather simplistic approach. Nonetheless, some experts advocate this type of dichotomization of the results, particularly for understanding the changes in response to treatment recorded by PRO instruments. The rationale is that this procedure enables clinicians who are not experts in the material to better comprehend the data presented, expressed in the idea of ''the great merit of simple-minded dichotomies for clinicians'' [16, 17] . Dichotomization can be based on various strategies, one of which is to categorize patients according to the minimal important difference (MID) [16] of an outcome instrument, which is the method we used.
This leads to another potential problem of our research, since there is controversy regarding the best method for determining the MID of a PRO instrument. In the present study, we determined the minimum detectable change. This is a distribution-based MID calculated using the standard error of measurement of the instrument and the intraclass correlation coefficient as an indicator of the instrument's reliability. The MDC represents the minimal score change above which (with 95% certainty) it is guaranteed that the change is not due to measurement error [4, 18] . Many experts prefer the use of anchor-based methods rather than distribution-based methods because the consistency across measures is better [19] . In addition, anchor-based methods incorporate the patients' opinion, which is a part of the definition of minimally important difference [17, 20] . To our favor, other authors have suggested that anchor-based MID are more subject to bias because the significance of a change in a subjective measure is based on another subjective rating, namely the perceived overall effect [21, 22] . Moreover, the MDC we used for dichotomization (6.8 points) is very close to one-half of the SD of the previously reported mean subtotal score change [3] . This factor is considered by many to be a good approximation of the MID of the instrument [18, 23] .
We are aware that the quality of the results of surgery in the case of idiopathic scoliosis cannot be based only on the magnitude of change recorded by an outcome instrument. It is evident that surgery produces a series of effects that are not contemplated by PROs. First, it modifies the natural history of scoliosis. If vertebral fusion is indicated to avoid progression of the deformity, the effect of surgery cannot be picked up by any PRO instrument. In the case of young adolescents, the available data [24] have established the risk of progression of the curve, and this would justify the indication for surgery, even if it is known that an immediate benefit will not be obtained. However, in persons who have reached skeletal maturity without evident radiologic progression of the curve, our results can be useful to inform patients of the possible clinical benefits of surgery. Second, surgery results in a dramatic change in the radiologic magnitude of the curves. For many years, this radiologic improvement has been used as the only way to evaluate the outcome of surgery. There is however, considerable consensus favoring the use of clinical measures in addition to radiologic parameters to assess the surgical outcome. Moreover, our data further support the scant relationship between the clinical and radiologic results in these patients [12, 13] , and this fact highlights the need to include both the measures when evaluating the outcome of surgery. Lastly, the patients' satisfaction with surgery must also be included in the outcome evaluation. General observation has shown that patients are highly satisfied with surgery for scoliosis. Bago et al. [25] reported that 90% of patients were satisfied with the surgery outcome, and 87% would undergo a similar procedure. In addition, 91% of patients stated that they were better or much better than before surgery. We found no differences between the mean scores for satisfaction between the groups, and this result supports the idea that the changes in SRS-22 scores are not intimately related with the satisfaction with treatment.
Conclusion
In a clinical series of idiopathic scoliosis patients treated surgically, only 51% of the total obtained an important clinical improvement based on the MDC of the SRS-22 questionnaire. The success group was characterized by the lower preoperative scores on this instrument than the unsuccessful group, and the change following surgery was clinically important in all the domains except function. In contrast, surgery did not result in a clinically important change in the unsuccessful group. There were no differences between the groups with regard to age, sex, or the technical characteristics of the procedure (e.g., levels fused, thoracoplasty). Of note, there was no relationship between the improvement in the radiologic magnitude of the curve and the changes in the SRS-22 scores. The preoperative scores, particularly the subtotal score, can predict the clinical response to surgery with moderate-to-high sensitivity and specificity. Our data show that patients who obtain greater clinical benefits from surgery are those with poorer preoperative scores. Patients in the unsuccessful group had preoperative scores similar to those of healthy adolescents. Although this point should be examined in greater depth, it seems evident that this patient group would have little possibility of attaining a significant clinical improvement. Therefore, the objectives of surgery in this group should be clearly established. The aims would be to correct the curve, and above all, to modify the natural course (i.e., avoid progression) of the disease. These objectives should be attained with the safest surgical technique that can be offered to the patient.
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